A numerical model is developed to study the Soret and Dufour effects on MHD boundary layer flow of a power-law fluid over a flat plate with velocity, thermal and solutal slip boundary conditions. The governing equations for momentum, energy and mass are transformed to a set of non-linear coupled ordinary differential equations by using similarity transformations. These non-linear ordinary differential equations are first linearized using a quasi-linearization technique and then solved numerically based on the implicit finite difference scheme over the entire range of physical parameters with appropriate boundary conditions. The influence of various governing parameters along with velocity, thermal and mass slip parameters on velocity, temperature and concentration fields are examined graphically. Also, the effects of slip parameters, the Soret and Dufour number on the skin friction, Nusselt number and Sherwood number are studied. Results show that the increase in the Soret number leads to a decrease in the temperature distribution and to an increase in concentration fields.
Introduction
It is well known that most fluids which are encountered in chemical and allied processing applications do not satisfy the classical Newton's law of viscosity and are accordingly known as nonNewtonian fluids. The fluids which do not obey Newton's law of viscosity, i.e., there exists a non-linear relationship between shear stress and velocity gradient are called non-Newtonian fluids. The study of nonNewtonian fluid has been of much interest to scientists because some industrial materials are nonNewtonian. In some industries (such as in food, polymer, petrochemical, rubber, paint and biological industries) fluids with non-Newtonian behaviors are encountered. The most common type of non-Newtonian fluids are power law fluids for which the shear stress  is given by * To whom correspondence should be addressed flow over a vertical stretching sheet with considering the Soret and Dufour effects. The Soret and Dufour effects on MHD convective heat and mass transfer of a power-law fluid over an inclined plate with variable thermal conductivity in a porous medium were studied by Pal and Chatterjee [21] .
In the above stated studies, no-slip thermal and solutal boundary conditions are considered. But, there might be a natural situation where no-slip boundary condition may not be applicable. In such circumstances, we may be forced to consider the slip boundary condition. Therefore, this study tries to fulfill this gap. Ibrahim and Shanker [22] investigated MHD boundary layer flow and heat transfer of a nanofluid past a permeable stretching sheet with velocity, thermal and solutal slip boundary conditions. Recently, Hirschhorn et al. [23] studied MDH boundary layer slip flow and heat transfer of a power-law fluid over a flat plate. This paper extends earlier works by examining the Soret and Dufour effects on MHD boundary layer heat and mass transfer of a power-law fluid over a flat plate with velocity, thermal and solutal slip boundary conditions.
Mathematical formulation
Consider a steady, laminar two-dimensional heat and mass transfer flow of an incompressible electrically conducting, viscous fluid obeying power-law model over a flat plate in the presence of transverse magnetic field B. The x-axis is taken along the direction of the flow and the y-axis normal to it. The thermophysical properties of the sheet and the fluid are assumed to be constant except for the viscosity of the power-law fluid which depends on the shear rate. We assume that the Dufour effect may be described by a second-order concentration derivative with respect to the transverse coordinate in the energy equation whereas the Soret effect is described by second-order temperature derivative in the mass-diffusion equation. With these assumptions and invoking the boundary layer approximations, the governing equations for the boundary layer flow, heat and mass transfer are
Subject to the boundary conditions , , , at , P P  is the concentration slip factor with P being the initial value at the leading edge. Here, T w and C w are the temperature and concentration of the flat plate, T ∞ and C ∞ are the free stream temperature and concentration, and Re
is the local Reynolds number.
The momentum, energy and mass equations can be transformed to a non-linear boundary value problem involving a system of coupled ordinary differential equations. In particular, we introduce the dimensionless similarity variables used by Reddy et al. [24] and defined as  ,
where η is the similarity variable, Ψ is the stream function, , and f   are the dimensionless similarity function, temperature and concentration respectively. Here b is the characteristic length.
The velocity components u and v in terms of the stream function ( , ) x y  are given by
The generalized Reynolds number Re is defined by Re .
Introducing the similarity transformations (2.6) and (2.7), the continuity equation is satisfied whereas the momentum, energy and mass equation given by Eqs (2.2), (2.3) and (2.4) are transformed the coupled non-linear ordinary differential equations of the form
Here primes denote differentiation with respect to η, and where
is the magnetic parameter, Pr Re
is the Prandtl number,
is the Lewis number,
Boundary conditions (2.5a) and (2.5b) are transformed into
where A 1 , B 1 and C 1 are, respectively, the velocity, temperature and concentration slip parameters, which are further defined as
In practical applications, the physical quantities of principal interest are the skin-friction coefficient C f , local Nusselt number Nu x and local Sherwood number Sh x which indicate the physical wall shear stress, rate of heat transfer and the rate of mass transfer, respectively. These physical quantities are defined respectively as
where the wall shear stress τ w , the heat flux at the wall q w and the mass flux at the wall J w are defined as
Numerical procedure
The combined effects of various physical parameters will have a great impact on heat and mass transfer characteristics. The non-linearity of the basic equations and additional mathematical difficulties associated with the solution part has led us to use a numerical method. In this section, an efficient implicit finite difference scheme along with quasi-linearization technique have been employed to analyze the flow model for the above coupled ordinary differential Eqs (2.9), (2.10) and (2.11) along with the boundary conditions (2.12) for different values of the governing parameters. The transformed non-linear differential Eq.(2.9) is first linearized by quasi-linearization technique discussed by Bellman and Kalaba [25] . Now by applying the implicit finite difference scheme, these equations are transformed to system of linear equations. To carry out the computational procedure, first the momentum equation is solved which gives the values of f necessary for obtaining the solution of coupled energy and concentration equations under the boundary conditions (2.12) by the Gauss Seidal iteration procedure. The numerical solutions of  are considered as (n+1) th order iterative solutions and F are the n th order iterative solutions. To prove convergence of the finite difference scheme, the computation is carried out for slightly changed value of h by running same program. No significant change was observed in the value. At every position, the iteration process continues until the convergence criterion for all the variables, 10 -5 is achieved. Figure 1 demonstrates the dimensionless velocity profile f  for different values of the magnetic field parameter M. The general trend is that f  increases monotonically as the space variable increases. The effect of increasing values of the magnetic field parameter results in flattering of velocity profile f  in all the cases. Hence it is very clear that the transverse magnetic field opposes the transport phenomena. This is due to the fact that the increase in the magnetic number leads to the enhancement of Lorentz force and hence Lorentz force produces more resistance to transport phenomena. Figure 2 The influence of the Prandtl number Pr on the heat transfer process in shown in Fig.3 . These graphs reveal that the temperature decreases with an increase in the Prandtl number. This is because thermal boundary layer thickness decreases as the Prandtl number increases. Hence the rate of thermal diffusion is slow with an increase in the Prandtl number. The effect of thermal slip parameter B 1 on the temperature profiles is shown in Fig.4 . It is noticed from the profiles that the wall temperature θ(0) and the thermal boundary layer thickness decreases with the increase in the thermal slip parameter. Figure 5 illustrates the variation of concentration in response to the change in the Lewis number Le. The graphs reveal that the concentration decreases with the increase in the Lewis number. This is probably due to the fact that the increase in Le decreases the mass diffusivity and hence the concentration boundary layer descends. Figure 6 demonstrates the variation of concentration profiles in response to the change in the concentration slip parameter C 1 . It can be noticed from the graphs that by increasing C 1 , the wall ccentration φ(0) and concentration profiles decrease and hence concentration boundary layer thickness decreases. Figs 8 and 9 . The mass flux due to the temperature gradient is defined as the Soret effect whereas enthalpy flux due to concentration gradient -the Dufour effect. These graphs reveal that a decrease in the Soret number (or increase in the Dufour number) enhances the temperature profiles and reduces the concentration profiles. It is due to the fact that an increase in the Soret number cools down the fluid and hence the temperature reduces.  -dimensionless similarity variable  -dimensionless temperature μ -magnetic permeability μ 0 -dynamic coefficient of viscosity  -kinematic viscosity ρ -density  -electrical conductivity  -tensor of stress  -dimensionless concentration  -stream function
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